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Abstract 


There have been reports of greater breast cancer 
incidence and mortality at northern compared with 
southern latitudes postulated to be related to vitamin D 
exposure. Among 71,662 participants in the Women’s 
Health Initiative Observational Study (WHIOS) free of 
cancer at baseline (1993-1998), associations were ex- 
plored between incident invasive postmenopausal 
breast cancer (n = 2,535), over ~8.6 years follow-up, 
and the following: (a) region of residence at birth, age 
15 years, age 35 years; (b) region of residence at WHIOS 
baseline; and (c) clinic center solar irradiance. Hazard 
ratios and 95% confidence intervals (CI) for breast 
cancer were estimated after adjustment for individual 
level confounders. There was no difference in breast 
cancer risk by region of earlier life, baseline residence, 
or solar irradiance measured in Langelys (gm-cal) per 


cm’. There was an observed 15% decreased risk among 
women residing in areas of low versus high solar 
irradiance measured in Watts per m” (95% CI, 2-26%). 
However, the associated Pena of 0.20 was not signif- 
icant. Conversely, women who reported spending on 
average <30 minutes versus >2 hours outside in daylight 
year round at WHIOS year 4 follow-up (n = 46,926), had 
a 20% (95% CI, 2-41%; Pirena = 0.001) increased risk of 
breast cancer. In conclusion, region of residence and 
geographic solar irradiance are not consistently related 
to risk of breast cancer and may not be sufficient proxy 
measures for sunlight/vitamin D exposure. The ob- 
served association between time spent outside and 
breast cancer risk support the hypothesis that vitamin D 
may protect against breast cancer. (Cancer Epidemiol 
Biomarkers Prev 2009;18(2):495-—507) 





Introduction 


Breast cancer mortality and incidence rates have been 
found to be higher among U.S. postmenopausal women 
living at northern compared with those living in 
southern latitudes (1-3) and inversely associated in U.S. 
women with increasing levels of total average sunlight 
energy striking the ground (4-6). Similar results have also 
been observed in other countries (7, 8). It has been 
suggested that the association between breast cancer and 
geographic variation may be explained, at least in part, 
by exposure to vitamin D (4, 8). Lower latitude means 
greater potential for sunlight exposure and thus synthe- 
sis of vitamin D. Humans can synthesize vitamin D from 
a cholesterol precursor in the skin; the majority of 
circulating vitamin D in most people is obtained through 
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sunlight exposure (reviewed in ref. 9), less from diet and 
supplements. However, diet and supplements may 
contribute more significantly in Northern climates. 

Interest in vitamin D as a protective agent against 
cancer came from research showing that the active form of 
vitamin D, 1,25 dihydroxyvitamin D, has an antiprolifer- 
ative effect on cultured human cancer cells (10, 11). 
Research in humans and in animals supports a potential 
role for vitamin D in breast cancer prevention, as 
previously reviewed (12, 13). 

However, few studies that have investigated relation- 
ships between region of residence and breast cancer risk 
have used incidence data (6, 8, 14, 15). Most previous 
studies focused on mortality from breast cancer (1-5, 7, 16, 
17), and were often assessed at the population level (1, 4, 5, 
7, 17); adjusted for risk factors assessed at the regional, 
not individual level (1, 2, 4-8, 16, 17); and were unable, or 
did not, explore associations by race or ethnicity. 
Furthermore, there has been little exploration of differ- 
ences in effect of exposures at different periods of life. 
Migration of individuals could affect our understanding 
of the effect of sunlight exposure on risk. 
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Incident Breast Cancer and Location of Residence 


Using data from the Women’s Health Initiative 
Observational Study (WHIOS), we investigated associa- 
tions between incident invasive breast cancer among 
postmenopausal women and residential estimates of 
vitamin D exposure: (a) region of residence at earlier life 
periods (birth, age 15 years, age 35 years); (b) region of 
residence at baseline WHIOS enrollment (1993-1998); and 
(c) clinic center solar irradiance. In addition, a measure of 
average time reported spent outside, as a proxy measure 
for sunlight exposure, was also available for analysis. 
This large prospective multiethnic cohort provides a 
unique opportunity to study associations between 
incident breast cancer and geographic variation. 


Materials and Methods 


The WHIOS. The WHIOS is a multicenter study 
focused on the major causes of morbidity and mortality 
of postmenopausal (50-79 y) women over the course of 
8 to 12 y (18, 19). Between October 1993 and December 
1998, 93,676 women were enrolled in the WHIOS from 40 
clinic centers across the United States, including ~17% 
as minority women (20). The Institutional Review Boards 
at each participating institution approved all protocols 
and consent forms. All women gave signed informed 
consent. 


Ascertainment of Breast Cancer Outcomes. Over an 
average 8.6 y of follow-up, from baseline to August 18, 
2006, breast cancer cases were identified mainly via 
annual follow-up questionnaires (21). Reported breast 
cancers were verified by ascertainment of medical 
records (21). Study physicians adjudicated events using 
standardized criteria (21). Breast cancer was coded 
according to National Cancer Institute Surveillance, 
Epidemiology, End Results guidelines (22). Detailed 
characteristics of the cancer were coded [i.e., date of 
diagnosis, the extent of disease, tumor morphology, and 
estrogen (ER) and progesterone receptor (PR) status]. 
Follow-up time for each woman was accrued from 
enrollment to the date of diagnosis of breast cancer, 
death from a nonbreast cancer cause, loss to follow-up, or 
last contact. 


Sample Selection. Women were excluded from the 
starting sample of 93,676 participants if they reported at 
baseline any previous history of cancer (n = 11,948), 
other than nonmelanoma skin cancer, or were missing 
data with respect to their previous history of breast 
cancer (n = 875). Women were further excluded if they 
were missing dietary data (n = 3,189) and information 
on the following risk factors: education (n = 660), family 
history of breast cancer (n = 775), age at menarche (n = 
206), age at menopause (n = 3,178), parity (n = 414), age 
at first birth (n = 162), and physical activity (n = 794; 
numbers not mutually exclusive). There were originally 
7,800 women with missing data on age at first birth. 
They were assigned the most common age at first birth 
among women with the same number of children when 
possible. After all exclusions, the study sample con- 
sisted of 71,662 women with 2,535 (3.5%) having 
incident invasive breast cancer diagnosed during 
prospective follow-up. 


Data Collection. At WHIOS baseline, women provid- 
ed self-reported data via questionnaires on demograph- 


ics, risk exposure, and family and medical history (20). 
After enrollment, participants completed annual mailed 
self-administered questionnaires to update life-style and 
medical information (18, 20). At year 3, most participants 
attended a clinic visit at which the annual questionnaire 
was collected; forms were mailed to those who did not 
attend this visit. 


Dietary and Supplement Data. At baseline, participants 
completed a self-administered, modified Block Food 
Frequency Questionnaire (23, 24) to assess usual dietary 
intake over the previous 3 mo. This Food Frequency 
Questionnaire has been previously validated in other 
populations (25, 26). The Food Frequency Questionnaire 
was processed using a nutrient database designed by the 
Minnesota Nutrient Data System to obtain participant 
nutrient and food intake information. Information on 
intake of nutrients from supplements (such as vitamin D) 
was collected in-person at WHIOS baseline. A standard- 
ized interviewer-administered form was used to collect 
information on the dose, frequency, and duration of 
current supplement use (27, 28). 


Region of Residence. Participants reported the state in 
which they resided at birth, at ages 15 and 35 y on self- 
administered questionnaires. Four categories for region 
of residence were created at these ages defined by 
latitude (29): outside the United States, Southern (states 
with northern borders <37°N), Northern (states with 
southern borders >40°N), and Middle (states that did not 
categorize as Southern or Northern). Data on women 
born or residing outside of the United States at these ages 
could not be further classified by latitude, as no 
additional information was provided for these women 
on residence at these time points. Participants were also 
assigned a region of residence at baseline corresponding 
to their WHIOS clinic center latitude and categorized as 
Southern (<37°N), Middle (>37°N to 40°N), and North- 
ern (>40°N). 

The latitude of 37°N was chosen as a cut point because 
previous data have shown that greater rates of cancer 
incidence are observed above 37°N (reviewed in ref. 30) 
and because less UVB photons reach the earth above 
37°N from November through February (9). 


Solar Irradiance. Vitamin D is synthesized in the skin 
from a cholesterol precursor when skin is exposed to 
UVB radiation, of which the wavelengths ranges from 
290 to 315 nm (31). Only the solar irradiance measure of 
UVB is specific to this wavelength range. 

Solar irradiance values were estimated for each of the 
40 Women’s Health Initiative clinic centers in measures 
of Langleys (gm-cal) per cm” and Watts (J/s) per m’. 
Annual mean Langleys were obtained from measure- 
ments made by the US Weather Bureau and adapted for 
use in Women’s Health Initiative from a previous 
publication (32). The Langleys values are estimates of 
the mean annual total solar radiation reaching the 
ground and are an “estimate of the amount of sunlight 
due to gross geographic and meteorologic factors over 
large areas” (32). Total solar irradiance is a measure of all 
wavelengths emitted by the sun. 

A second measure of solar irradiance, in Watts, was 
determined from NASA’s Total Ozone Mapping 
Spectrometer and Earth Radiation Budget Experiment 
data for the year 1989 (33). The Watts values measure 
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the daily UVB flux reaching the earth, within the 
wavelength range necessary to synthesize vitamin D 
(290-315 nm), and take into account such factors as 
surface elevation, cloud cover, ozone abundance, and 
surface reflectivity (33). 

Quintiles were created for the clinic center Langleys 
and Watts values. Quintile 1 contained the clinic centers 
with the greatest solar irradiance values and quintile 5 
the least. 


Individual Measures of Exposure Assessed at Year 4 Follow- 
up. In the fourth year of follow-up, participants com- 
pleted questionnaires about (a) the response of their 
skin to the sunlight when exposed for the first time in the 
summer for 45 to 60 min, (b) the average time per day 
they spent outside during daylight hours in the summer 
and other seasons in the past year, and (c) whether or not 
they usually wore sunscreen in the past year when they 
were outside in the sunlight for >10 min. Data at year 4 
follow-up were not available for all women in our 
sample of 71,662. Thus, analyses on time spent outside 
and the response of skin to the sunlight reflect the 
smaller sample sizes (discussed below). 


Statistical Analysis. Age-adjusted hazards ratios (HR) 
and 95% confidence intervals (CI) for breast cancer were 
estimated using Cox proportional-hazards models (34) 
among women residing in the following regions (outside 
the US, Northern, and Middle) compared with women 
residing in the Southern region at birth, age 15 y, age 
35 y, and baseline. Age-adjusted HRs were estimated for 
breast cancer among women in quintiles 2 through 5 
compared with quintile 1 for solar irradiance. 

A number of covariates were included in the multi- 
variate models (as shown in Table 1). The following 
covariates were included in the model as determined by 
stepwise regression (inclusion criteria of P value of <0.10 
and exclusion criteria of P value of >0.05; ref. 35): age, 
weight, family history of breast cancer, age at menarche, 
age at menopause, parity, age at first birth, hormone 
therapy duration of use, and alcohol intake. Additional- 
ly, education, race/ethnicity, and physical activity were 
added to the model, although not identified by stepwise 
regression. These factors were significantly related to 
region of residence and incident breast cancer in this 
cohort and often cited in the literature as breast cancer 
risk factors. 

Linear trends of associations between breast cancer and 
exposure variables were examined. Region of residence at 
baseline and solar irradiance variables were included in 
the model as continuous variables as each clinic center 
was assigned its own latitude and solar irradiance value. 
Linear trends for analyses with region of residence at 
birth, age 15 y, and age 35 y were conducted using an 
ordinal variable assigned to the Northern, Middle, and 
Southern regions (excluding those living outside the 
United States). Additionally, the possibility that exposure 
variables could be related to breast cancer in a nonlinear 
function (e.g., quadratic or logarithmic) were explored, 
but no significant relationships were found. 

We also evaluated whether or not the observed 
associations between breast cancer incidence and region 
of residence at baseline and clinic center solar irradiance 
differed by the following tumor characteristics: receptor 
status, tumor size, lymph node involvement, and tumor 
grade. 
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Analyses were conducted to investigate associations 
between average time reported spent outside per day in 
daylight hours (as an estimate of sun exposure at year 4 
follow-up) and risk for breast cancer. We made the 
assumption that average time reported spent outside per 
day at year 4 was similar to the average amount of time 
women would have reported spending outside at 
baseline. Among the 71,662 women in the primary 
analyses, 63,622 and 63,496 answered questions about 
average time spent outside during the summer and other 
seasons, respectively. Adjusted HRs and 95% CI were 
estimated for breast cancer among women who reported 
spending on average per day <30 and 30 min to 2 
h compared with >2 h outside during daylight hours in 
summer (and other seasons). Analyses were also repeat- 
ed among women who reported the same amount of 
average time spent outside per day in both summer and 
other seasons, called year round. This sample consisted 
of 46,926 from the samples of 63,622 and 63,496 women 
with data on time times spent outside in summer and 
other seasons, respectively. 

Associations between breast cancer risk and region of 
residence at baseline, solar irradiance, and average time 
reported spent outside per day year round were 
investigated for potential effect modification by the 
following factors: age, race/ethnicity, the Gail 5-y risk 
score, weight, body mass index, waist-to-hip ratio, 
recreational physical activity, total vitamin D intake, 
total calcium intake, total vitamin D and calcium intake 
(low vitamin D/low calcium, high vitamin D/low 
calcium, low vitamin D/high calcium, high vitamin D/ 
high calcium), region of residence at baseline, Langleys, 
Watts, participant’s skin reaction to the sun as reported 
at year 4, and average time reported spent outside per 
day year round. Interactions were tested using the 
Likelihood Ratio test (P value of <0.05 was considered 
statistically significant). 


Results 


Participant characteristics and breast cancer risk factors 
varied significantly by region of residence at baseline 
(Southern, Middle, and Northern; Table 1). However, 
breast cancer risk factors traditionally found to be 
associated with increased risk for breast cancer (e.g., 
family history of breast cancer, early age at menarche, 
nulliparity, etc.) were not consistently found to be more 
frequent in one region of residence compared with 
others. Results were similar when participant character- 
istics were stratified by quintiles of solar irradiance. 
There was no association between breast cancer 
incidence and region of residence at birth, age 15 y, age 
35 y, or baseline enrollment; or clinic center solar irra- 
diance in the age-adjusted models (Table 2). After adjust- 
ment for additional covariates (multivariate model 1), 
there was an observed 15% decreased risk of breast 
cancer among women residing in areas of low compared 
with high solar irradiance (comparing quintile 5 to 1), 
assessed in Watts; however, the P wena Was not significant 
(Prena = 0.20). No association was observed between 
breast cancer and other measures of exposure. Further 
adjustment for intake of vitamin D from foods and 
supplements combined (multivariate model 2) did not 
greatly alter the observed HRs. Limiting the analyses for 
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Table 1. Baseline (1993-1998) characteristics of participants in the WHIOS by region of residence at baseline 
among women included in the analysis of breast cancer incidence and geographic region of residence (n = 71,662) 





Southern Middle Northern P 
n (%) n (%) n (%) 
Age at baseline, y <0.001 
50-59 8,779 (35) 4,795 (35) 10,074 (31) 
60-69 10,816 (43) 5,825 (42) 15,084 (47) 
70-79 5,759 (23) 3,275 (24) 7,255 (22) 
Race/ethnicity <0.001 
Caucasian 19,611 (77) 11,787 (85) 29,378 (91) 
African American 1,908 (8) 1,172 (8) 1,989 (6) 
Hispanic 1,731 (7) 271 (2) 421 (1) 
American Indian 162 (0.6) 47 (0.3) 69 (0.2) 
Asian/Pacific Islander 1,555 (6) 385 (3) 216 (0.7) 
Unknown 387 (2) 233 (2) 340 (1) 
Education <0.001 
0-8 y 533 (2) 84 (0.6) 291 (0.9) 
Some high school 867 (3) 326 (2) 1,001 (3) 
High school diploma/GED 3,705 (15) 1,652 (12) 6,115 (19) 
School after high school 9,938 (37) 4,889 (35) 11,152 (34) 
College degree or higher 10,311 (41) 6,944 (50) 13,854 (43) 
Family history of breast cancer <0.001 
Yes 4,342 (17) 2,540 (18) 6,021 (19) 
No 19,922 (79) 10,726 (77) 25,072 (77) 
Missing 1,090 (4) 629 (5) 1,320 (4) 
Age at menarche, y 0.004 
<11 5,501 (22) 3,069 (22) 7,215 (22) 
12-13 13,946 (55) 7,806 (56) 17,948 (55) 
>14 5,907 (23) 3,020 (22) 7,250 (22) 
Age at menopause, y <0.001 
20-29 258 (1) 102 (0.7) 144 (0.4) 
30-39 2,348 (9) 1,071 (8) 2,157 (7) 
40-49 10,525 (42) 5,368 (39) 11,957 (37) 
50-60 12,223 (48) 7,354 (53) 18,155 (56) 
Age at first birth, y <0.001 
Never pregnant 2,383 (9) 1,432 (10) 3,281 (10) 
No term pregnancy 770 (3) 445 (3) 701 (2) 
<20 3439 (14) 1,480 (11) 2,949 (9) 
20-24 11,360 (45) 5,831 (42) 15,053 (46) 
25-29 5,623 (22) 3,449 (25) 7,941 (25) 
30-34 1,358 (5) 945 (7) 1,918 (6) 
35-39 3,56 (1) 269 (2) 478 (1) 
40-44 60 (0.2) 41 (0.3) 88 (0.3) 
45+ 5 (0.02) 3 (0.02) 4 (0.01) 
No of term pregnancies <0.001 
Never pregnant 2,383 (9) 1,432 (10) 3,281 (10) 
Never had term pregnancy 770 (3) 445 (3) 701 (2) 
1 2,510 (10) 1,386 (10) 2,495 (8) 
2 7,246 (29) 3,825 (28) 7,993 (25) 
3 6,137 (24) 3,309 (24) 7,993 (25) 
4 3,549 (14) 1,924 (14) 4,965 (15) 
5+ 2,759 (11) 1,574 (11) 4,985 (15) 
Weight quintiles, kg <0.001 
Quintile 1: <58.7 5,647 (22) 2,786 (20) 5,870 (18) 
Quintile 2: =58.7 to <65.0 5,279 (21) 2,860 (21) 6,405 (20) 
Quintile 3: > 65.0 to <71.8 4,926 (19) 2,747 (20) 6,511 (20) 
Quintile 4: =71.8 to <81.9 4,776 (19) 2,725 (20) 6,742 (21) 
Quintile 5: >81.9 4,726 (19) 2,777 (20) 6,885 (21) 
Body mass index, kg/m7* <0.001 
Underweight (<18.5) 377 (2) 166 (1) 302 (0.9) 
Normal (218.5 to 24.9) 10,843 (43) 5,884 (43) 12,155 (38) 
Overweight (25.0-29.9) 8,369 (33) 4,549 (33) 11,361 (35) 
Obesity I (30.0-34.9) 3,571 (14) 2,014 (15) 5,277 (16) 
Obesity II (35.0-39.9) 1,247 (5) 722 (5) 2,023 (6) 
Extreme obesity III (=40) 785 (3) 446 (3) 1,106 (3) 
Recreational Physical activity quintiles, <0.001 
MET h/wk 
Quintile 1: <2.0 5,519 (22) 2,432 (18) 6,491 (20) 
Quintile 2: >2.0 to < 7.2 4,859 (19) 2,635 (19) 6,595 (20) 
Quintile 3: >7.2 to < 13.5 5,082 (20) 2,873 (21) 6,764 (21) 
Quintile 4: =13.5 to <23.3 4,823 (19) 2,941 (21) 6,525 (20) 


(Continued on the following page) 
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Table 1. Baseline (1993-1998) characteristics of participants in the WHIOS by region of residence at baseline among 
women included in the analysis of breast cancer incidence and geographic region of residence (n = 71,662) (Cont'd) 





Southern Middle Northern P 
n (%) n (%) n (%) 
Quintile 5: >23.3 5,071 (20) 3,014 (22) 6,038 (19) 
Hormone therapy duration of use, y <0.001 
None 7,278 (29) 4,242 (31) 14,714 (45) 
<5 5,872 (23) 3,394 (24) 7,100 (22) 
5 to <10 4,089 (16) 2,204 (16) 4,160 (13) 
10+ 8,115 (32) 4,055 (29) 6,439 (20) 
Alcohol intake <0.001 
Nondrinker 4,084 (16) 1,145 (8) 2,407 (7) 
Past drinker 4,897 (19) 2,427 (17) 5,483 (17) 
<1 drink per month 2,717 (11) 1,503 (11) 4,092 (13) 
<1 drink per week 4,615 (18) 2,827 (20) 7,035 (22) 
1 to <7 drinks per week 5,886 (23) 3,829 (28) 9,303 (29) 
7+ drinks per week 3,155 (12) 2,164 (16) 4,093 (13) 
Vitamin D intake from foods quintiles, <0.001 
energy adjusted IU/d 
Quintile 1: <88.0 5,708 (23) 2,917 (21) 5,707 (18) 
Quintile 2: >88.0 to <123.7 5,386 (21) 2,848 (21) 6,099 (19) 
Quintile 3: >123.7 to <163.9 5,191 (20) 2,774 (20) 6,367 (20) 
Quintile 4: >163.9 to <227.7 4,776 (19) 2,740 (20) 6,817 (21) 
Quintile 5: >227.7 4,293 (17) 2,616 (19) 7,423 (23) 
Vitamin D intake from foods and supplements <0.001 
quintiles, energy adjusted IU/d 
Quintile 1: <123.4 5,765 (23) 2,798 (20) 5,769 (18) 
Quintile 2: >123.4 to <222.7 5,094 (20) 2,704 (19) 6,535 (20) 
Quintile 3: >222.7 to <450.6 4,574 (18) 2,864 (21) 6,894 (21) 
Quintile 4: >450.6 to <622.8 4,864 (19) 2,841 (20) 6,628 (20) 
Quintile 5: >622.8 5,057 (20) 2,688 (19) 6,587 (20) 


NOTE: P value from a x? test comparing baseline characteristics by region of residence at baseline. 
*There is missing data for these variables, resulting in ns that do not add up to 71,662. Missing persons were not included in x. 


region of residence at baseline and solar irradiance to 
women who had lived at their current residence for >20 
years (n = 60,337) did not change the results for region of 
residence at baseline or Langleys (data not shown), but 
the statistically significant relationship observed with 
Watts no longer remained: HR (95% CI) = 0.88 (0.75-1.04) 
for low compared with high solar irradiance, associated 
Prrena Of 0.51. Excluding women who had moved clinic 
centers during the course of WHIOS (n = 6,082) did not 
alter the results (data not shown). When the analysis for 
breast cancer and region of residence was limited to 
women who had lived in the same region of residence at 
birth, age 15 years, age 35 years, and baseline (n = 
33,617), the relationship was null: HR (95% CI) for 
Middle [1.07 (0.90-1.27)] and Northern [0.97 (0.83-1.14)] 
compared with Southern. 

Analyses were also stratified by tumor characteristics 
(Table 3). There was a statistically significant decreased 
risk of the following tumors among women residing in 
Northern/low solar irradiance areas compared with 
Southern/high solar irradiance areas: PR—, ER+/PR-, 
large (>5 cm), no lymph node involvement, and well- 
differentiated to moderately differentiated. These results 
were not consistent across all exposure categories. There 
also seemed to be an increased risk of anaplastic tumors 
among women living at Northern versus Southern 
regions, but these results were not statistically significant 
and the number of cases was small. 

Analyses were conducted using data from year 4 
follow-up questionnaires to investigate associations 


between average reported time spent outside in daylight 
hours per day and risk for breast cancer (Table 4). 
Women who reported spending on average <30 minutes 
compared with >2 h outside in daylight hours in 
summer, other seasons, or year round had an 18%, 
23%, and 20% increased risk of breast cancer, respective- 
ly. Adjustment for reported use of sunscreen did not alter 
the significance of the observed HRs (data not shown). 

The relationships between breast cancer incidence and 
region of residence at baseline, solar irradiance, or 
average reported time spent outside per day year round 
did not vary significantly by age, Gail 5-year risk score, 
weight, body mass index, waist-to-hip ratio, physical 
activity, or intake of vitamin D or calcium. 

Results for region of residence, solar irradiance, and 
average time reported spent outside per day year round 
are presented stratified by the reaction of the skin to the 
sun (Fig. 1). The relationship between breast cancer and 
Watts was modified by the reaction of the skin to the 
sun (Pinteraction = 0.03). Among individuals with self- 
reported no change in skin color or ability to tan (not 
burn), a reduction in risk was observed among 
individuals living in low compared with high solar 
irradiance areas (assessed in Watts). Figure 1 also shows 
that there seemed to be an increased risk of breast 
cancer, although not always statistically significant, 
among women who reported spending <30 minutes 
compared with >2 hours outside year round for most 
skin types with the exception of women who burned 
(no tan). 
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Table 2. HRs and 95% Cls for incident breast cancer by region of residence at birth, age 15 y, age 35 y, and 
baseline (1993-1998); and solar irradiance values in Langleys and Watts: the WHIOS (n = 71,662) 








Exposure Breast cancer n Person-years Annualized Age-adjusted Multivariate Multivariate 
cases of follow-up rate (%) HR (95% CI) model 1* model 2 
(x1,000) HR (95% CI) HR (95% CI) 
Region at birth 7 
Southern 455 13,819 112 0.40 1.0 1.0 1.0 
Middle 885 23,958 204 0.43 1.08 (0.97-1.21) 0.98 (0.87-1.10) 0.98 (0.87-1.10) 
Northern 1,010 28,118 239 0.42 1.04 (0.94-1.17) 0.95 (0.84-1.07) 0.95 (0.84-1.07) 
Not United States 162 5,021 41 0.39 0.97 (0.81-1.16) 1.00 (0.83-1.20) 1.00 (0.83-1.20) 
Pina. 0.63 0.41 0.40 
Region at age 15 y? 
Southern 433 13,325 109 0.40 1.0 1.0 1.0 
Middle 932 25,106 213 0.44 1.11 (0.99-1.24) 1.02 (0.90-1.14) 1.02 (0.90-1.14) 
Northern 1,027 28,402 241 0.43 1.07 (0.95-1.20) 1.00 (0.88-1.12) 1.00 (0.88-1.12) 
Not United States 127 4,196 34 0.37 0.93 (0.76-1.13) 0.97 (0.79-1.19) 0.97 (0.79-1.19) 
P trend 0.44 0.83 0.81 
Region at age 35 y* 
Southern 485 13,725 113 0.43 1.0 1.0 1.0 
Middle 1,025 28,699 243 0.42 0.98 (0.88-1.09) 0.92 (0.82-1.02) 0.92 (0.82-1.02) 
Northern 932 26,169 221 0.42 0.96 (0.86-1.07) 0.92 (0.82-1.03) 0.92 (0.82-1.03) 
Not United States 77 2,240 18 0.42 0.96 (0.76-1.22) 0.95 (0.75-1.21) 0.95 (0.75-1.21) 
P trend 0.47 0.23 0.23 
Region at baseline 
Southern 869 25,354 209 0.42 1.0 1.0 1.0 
Middle 548 13,895 118 0.46 1.12 (1.01-1.25) 1.06 (0.95-1.18) 1.06 (0.95-1.18) 
Northern 1,118 32,413 275 0.41 0.98 (0.89-1.07) 0.97 (0.89-1.07) 0.97 (0.89-1.07) 
P trena 0.36 0.91 0.92 
Clinic center Langleys (gm-cal) per cm? 
475-500 555 15,338 127 0.44 1.0 1.0 1.0 
400-430 431 12,339 103 0.42 0.97 (0.85-1.10) 0.93 (0.82-1.06) 0.93 (0.82-1.06) 
375-380 299 8,009 67 0.44 1.04 (0.90-1.20) 1.00 (0.87-1.16) 1.00 (0.87-1.16) 
350 518 15,234 127 0.41 0.93 (0.83-1.05) 0.94 (0.83-1.06) 0.94 (0.83-1.06) 
300-325 732 20,742 178 0.41 0.95 (0.85-1.06) 0.93 (0.83-1.05) 0.93 (0.83-1.05) 
P rend 0.46 0.29 0.29 
Clinic center Watts (J/s) per m? 
1.5-1.9 350 9,655 80 0.44 1.0 1.0 1.0 
1.4 562 16,369 136 0.41 0.93 (0.82-1.07) 0.85 (0.74-0.97) 0.85 (0.74-0.97) 
1.0 519 13,258 111 0.47 1.06 (0.92-1.21) 0.96 (0.83-1.10) 0.96 (0.83-1.10) 
0.7 556 15,730 135 0.41 0.95 (0.83-1.08) 0.88 (0.77-1.02) 0.88 (0.77-1.01) 
0.4-0.5 548 16,650 140 0.39 0.89 (0.78-1.02) 0.85 (0.74-0.98) 0.85 (0.74-0.98) 
P rend 0.23 0.20 0.20 


* Adjusted for age, race/ethnicity, education, weight, family history of breast cancer, age at menarche, age at menopause, parity, age at first birth, hormone 
J 8 y. 8 y y 8 8 pP parity, ag 


therapy duration of use, alcohol intake, and recreational physical activity. 


t Adjusted for all covariates in multivariate model 1 plus adjustment for vitamin D intake from foods and supplements (energy adjusted IU/d). 
t Some persons were missing data for region of residence at birth, and ages 15 and 35 y. Total n for analyses by region of residence at birth is 70,916, at age 


15 y is 71,029 and at age 35 y is 70,833. 


SA test for trend was conducted using ordinal variable assigned to Southern, Middle and Northern for region at birth, age 15 and age 35 y (excluding those 
living outside the United States.). A test for trend was conducted using continuous variable for region at baseline, Langleys, and Watts. 


Results are also presented stratified by race/ethnicity 
(Fig. 2). Results in Caucasians were similar to what was 
observed in the overall analysis. Among African Amer- 
icans, a 34% reduction in risk (associated Pena = 0.08) 
was observed among those living at Northern compared 
with the Southern regions. A significant trend for 
decreasing risk of breast cancer with decreasing solar 
irradiance was also observed among African Americans 
(Prena = 0.04 for Langleys and Watts). Lastly, there 
seemed to be an increase risk of breast cancer (albeit not 
statistically significant) among women who spent <30 
minutes compared with >2 hours outside year round 
regardless of race/ethnicity. 

The relationship between breast cancer and region of 
residence and solar irradiance are presented stratified by 
average reported time spent outside per day (Fig. 3). The 
relationship between breast cancer and Langleys was 
modified by average reported time spent outside per day 
year round (Pinteraction = 0.047). Risk for breast cancer 


among women residing in low compared with high solar 
irradiance areas, assessed in Langleys, decreased with 
increasing reported time spent outside. However, none 
of the HRs were statistically significant. Also observed 
was a decreased risk of breast among women residing in 
low compared with high solar irradiance areas, assessed 
in Watts, among those who reported spending on 
average 30 minutes to 2 hours outside. This relationship 
did not remain among those who reported spending >2 
hours outside. 

Figure 4 illustrates the relationship between breast 
cancer risk and average reported time spent outside per 
day year round stratified by region of residence and solar 
irradiance. Almost all HRs for risk of breast cancer among 
women who reported spending <30 minutes outside 
compared with >2 hours were >1.0 regardless of region of 
residence based on latitude or solar irradiance exposure. 

Results presented in Figs. 1 through 4 did not vary 
when these analyses, involving reported time spent 
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Table 3. Adjusted HRs and 95% Cls for incident breast cancer by region of residence at baseline (Southern vs 
Northern residence) and solar irradiance (low vs high solar exposure) stratified by breast cancer tumor 
characteristics: the WHIOS (n = 71,662) 


Cases Northern (>40°) vs 
Southern (<37°) 


Watts (J/s) per m? 
(0.4-0.5 vs 1.5-1.9) 


Langleys (gm-cal) per cm? 
(300-325 vs 475-500) 








ER status 

ER+ 1,932 1.02 (0.92, 1.13) 0.97 (0.86, 1.11) 0.86 (0.73, 1.01) 

ER- 346 0.97 (0.76, 1.25) 0.90 (0.65, 1.25) 1.00 (0.69, 1.46) 
PR status 

PR+ 1,607 1.07 (0.95, 1.20) 1.08 (0.94, 1.25) 0.90 (0.75, 1.08) 

PR- 634 0.90 (0.75, 1.08) 0.71 (0.56, 0.90) 0.79 (0.61, 1.04) 
ER/PR status 

ER+/PR+ 1,572 1.07 (0.96, 1.21) 1.09 (0.94, 1.26) 0.90 (0.75, 1.08) 

ER+/PR- 322 0.83 (0.64, 1.07) 0.59 (0.42, 0.82) 0.64 (0.45, 0.93) 

ER-/PR+ 35 0.77 (0.36, 1.67) 0.83 (0.30, 2.33) 0.79 (0.25, 2.48) 

ER-/PR- 305 1.00 (0.77, 1.30) 0.90 (0.63, 1.27) 1.01 (0.68, 1.52) 
Tumor size (cm) 

<0.5 186 1.04 (0.73, 1.47) 0.96 (0.60, 1.53) 1.49 (0.84, 2.66) 

0.5-1 475 1.20 (0.97, 1.49) 1.02 (0.79, 1.33) 0.96 (0.69, 1.33) 

>1 to 2 982 0.90 (0.78, 1.05) 0.88 (0.73, 1.05) 0.75 (0.60, 0.93) 

>2 to5 497 1.09 (0.89, 1.35) 1.03 (0.79, 1.35) 0.98 (0.70, 1.35) 

>5 86 0.49 (0.30, 0.79) 0.45 (0.26, 0.80) 0.49 (0.23, 1.03) 
Lymph node involvement 

No 1,817 1.00 (0.89, 1.11) 0.99 (0.87, 1.13) 0.84 (0.71, 0.99) 

Yes 610 0.92 (0.79, 1.06) 0.82 (0.65, 1.04) 0.80 (0.60, 1.06) 
Tumor grade 

Well-differentiated 631 0.93 (0.77, 1.12) 0.74 (0.59, 0.92) 0.53 (0.40, 0.70) 

Moderately differentiated 972 0.92 (0.79, 1.06) 0.97 (0.81, 1.16) 0.78 (0.62, 0.98) 

Poorly differentiated 567 1.15 (0.95, 1.41) 1.23 (0.95, 1.60) 1.30 (0.94, 1.80) 

Anaplastic 64 1.50 (0.84, 2.68) 1.06 (0.51, 2.22) 1.46 (0.67, 3.17) 


NOTE: Adjusted for age, race/ethnicity, education, weight, family history of breast cancer, age at menarche, age at menopause, parity, age at first birth, 


hormone therapy duration of use, alcohol intake, and physical activity. 


outside per day, were repeated using data restricted to 
time spent outside per day in just summer or other 
seasons (data not shown). 


Discussion 


In the WHIOS we observed, no consistent evidence that 
region of residence or regional solar irradiance was 
related to risk of incident invasive breast cancer. Regions 
of residence at other time points (birth, age 15 y, age 35 y) 
were not associated with breast cancer risk. However, 


analyses showed an increased risk of breast cancer 
among women reporting <30 minutes compared with 
>2 hours of average time spent outside. Additionally, 
adjustment for individual level risk factors had very little 
effect on the hazard ratio estimates. 

Contrary to our expectations, we observed that low 
compared with high solar irradiance exposure, assessed 
as Watts, was related to reduced risk of breast cancer. 
However, this result was not confirmed by region of 
residence at baseline or solar irradiance measured in 
Langleys, lending less strength to the plausibility that 
low solar irradiance is protective against breast cancer. 


Table 4. Adjusted HRs and 95% Cls for incident breast cancer among women who reported spending <30 or 
30 min to 2 h compared with >2 h outside in daylight hours in the summer, in the other seasons, and all year: 


the WHIOS 


Average reported time spent outside In summer 


In other seasons Year round* 





Total at risk (breast cancer cases) 63,622 3 (2, 316) 


63,496" (2, 315) 46,926" (1, 753) 





#cases/n HR (95% CI) 


#cases/n HR (95% CI) #cases/n HR (95% CI) 





230/7,237 1.0 203 /6,029 1.0 
1,117/32,168 1.05 (0.91, 1.22) 840/23,962 0.99 (0.85, 1.16) 
968/24,091 1.23 (1.06, 1.42) 710/16,935 1.20 (1.02, 1.41) 


>2h 407 /12,035 1.0 

30 min to 2h 1,095/31,590 0.99 (0.89, 1.12) 
<30 min 814/19,997 1.18 (1.05, 1.34) 
P irena 0.001 


0.0004 


0.001 


NOTE: HRs adjusted for age, race/ethnicity, education, weight, family history, age at menarche, age at menopause, parity, age at first birth, hormone 
therapy duration of use, alcohol consumption, and physical activity. 

*Reported average time spent outside in daylight hours per day year round is defined as those women who responded spending the same average amount 
of time outside in daylight hours per day in summer and in other seasons at year four follow-up. 

t The sample sizes are less than the starting sample of 71,662. Not all women answered questions regarding time spent outdoors at year 4 or women were 
lost to follow-up. 

+A test for trend was conducted for average time per day spent outside year round using ordinal variables assigned to <30, 30 min to 2 h, and >2 h. 
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Region of residence at baseline (HR for Northern versus Southern regions) n (cases) 
No change H (HR: 0.70) 5,020 (180) 
Tans, but does not burn zi | (HR: 0.90) 20,504 (758) 
Burns, then tans H——— (BR: 1.19) 15,032 (563) 
Burns, then tans a minimal amount z | (HR: 0.93) 15,608 (531) 
Burns but does not tan c (HR: 0.95) 6,550 (235) 


Langleys (HR for low versus high solar irradiance) 

















p for interaction=0.23 


No change z | (HR: 0.83) 5,020 (180) 
Tans, but does not burn EH (HR: 0.89) 20,504 (758) 
Burns, then tans t——*— (HR: 1.09) 15,032 (563) 
Burns, then tans a minimal amount t———#*—H (HR: 0.88) 15,608 (531) 
Burns but does not tan l = | (HR: 0.85) 6,550 (235) 

p for interaction=0.26 

Watts (HR for low versus high solar irradiance) 

No change | = | | (HR: 0.54*) 5,020 (180) 
Tans, but does not burn a. (HR: 0.68*)** 20,504 (758) 
Burns, then tans H (BR: 0.98) 15,032 (563) 
Burns, then tans a minimal amount = | (HR: 0.81) 15,608 (531) 
Burns but does not tan t = | (HR: 1.20) 6,550 (235) 


Average time/day spent outside year round (HR for < 30 minutes versus > 2 hours) 


p for interaction=0.03 





No change H 
Tans, but does not burn 





H (HR: 1.47*)** 








| (HR: 1.84) 3,712 (130) 


14,637 (571) 








HR (95% CI) for invasive breast cancer risk decreased risk 


increased risk 


Burns, then tans c (HR: 1.11) 10,831 (409) 
Burns, then tans a minimal amount | = | (HR: 1.53*)** 11,569 (402) 
Burns but does not tan | z l (HR: 0.50*)** 4,999 (188) 
p for interaction=0.08 
{ 
0.1 1.0 10.0 
4 





Figure 1. Adjusted (adjusted for age, race/ethnicity, education, weight, family history of breast cancer, age at menarche, age at 
menopause, parity, age at first birth, hormone therapy duration of use, alcohol intake, and recreational physical activity) HRs and 95% 
Cls for incident breast cancer by region of residence at baseline, solar irradiance, and time reported spent outside year round at year 4 
follow-up stratified by the reaction of the skin to the sun: the WHIOS. *, 95% CI does not include 1.0. **, Paeng < 0.05; A test for 
trend was conducted using continuous variables for region of residence at baseline, Langleys, and Watts; A test for trend was 
conducted for average time per day spent outside year round using ordinal variables assigned to <30, 30 min to 2 h. 


Differences between the solar irradiance measures of 
Langleys and Watts may explain the inconsistent results. 
Langleys is a measure of mean annual total solar 
irradiance over a number of years, whereas the Watts 
was a measure of UVB solar irradiance assessed over 1 
year (1989). Therefore, clinic centers could be classified 
slightly differently based on whether Langleys or Watts 
was used for the solar irradiance unit. Fluctuations in 
UVB solar irradiance from year to year, as opposed to an 
average of total solar irradiance over time, may have 
resulted in a spurious finding with Watts. Neither 
measure of Langleys or Watts is a perfect measure of 
the relevant UVB exposure to assess vitamin D synthesis. 

Other studies in the United States have investigated 
associations between incident breast cancer and region of 
residence or measures of regional solar irradiance with 
varied results. A recent study, by Boscoe et al. (6), 
investigated associations between incident breast cancer 
in North America among Caucasians and African 
Americans. They observed, in both races, an increased 
risk of incident breast cancer with decreasing amounts of 


average annual solar UVB light exposure. They adjusted 
for breast cancer risk factors, but most were assessed at 
the county or state level. 

Two previously conducted studies were closer in 
design to the WHIOS (14, 15). In a prospective study 
with nationally representative data (15), a borderline 
statistically significant lower risk for incident breast 
cancer (relative risk, 0.71; 95% CI, 0.47-1.09) was found 
among women residing in the South compared with the 
Northeast between 1971 and 1975. In a different cohort, 
data from the Nurses’ Health Study (14) was used to 
investigate associations between incident breast cancer 
and region of residence (using 11 US states): Northeast, 
Midwest, South, and California. After adjusting for 
covariates, they only observed an increased risk of breast 
cancer among women residing, for an extended period of 
time, in California versus the South. The Nurses’ Health 
Study results are most similar to ours, as they did not see 
increased risk of breast cancer in the Northeast compared 
with the South. However, neither previous study 
investigated associations between incident breast cancer 
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and measures of solar irradiance by region or created 
residential regions based primarily on latitude. 

More studies on region of residence and measures of 
solar irradiance have looked at associations with breast 
cancer mortality than incidence. All have shown evi- 
dence of an inverse relationship between cancer mortal- 
ity and residence at lower latitudes or increased solar 
irradiance (1-4, 7, 16, 17, 36). We may not have observed 
an association between latitude/solar irradiance and 
incident breast cancer if vitamin D exposure affects 
breast cancer survival more so than preventing cancer 
incidence, as suggested by Boscoe et al. (6). Currently, 
there are too few breast cancer deaths (n = 126) in 
WHIOS to investigate mortality. 

In our study, we observed a decreased risk (albeit not 
always statistically significant) of PR—, ER+/PR-, large 
(>5 cm), and well-differentiated tumors among women 
living at Northern/low solar irradiance compared with 
Southern/high solar irradiance areas. A decreased risk of 
large tumors suggested that perhaps Northern, com- 
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pared with Southern regions, may reflect regional 
differences in screening leading to differences in the 
likelihood of detection of earlier cancers. However, we 
observed minimal differences (<2%) in the frequency of 
women reporting mammography in the WHIOS by 
region to support this hypothesis. We observed less 
well-differentiated, and more anaplastic, breast cancers 
at Northern versus Southern latitudes. This supports the 
hypothesis that vitamin D promotes cell differentiation 
(10), with a greater likelihood of less differentiated 
tumors, perhaps with worse survival, in regions with 
less solar irradiance. However, we can offer no explana- 
tion as to why a decreased risk of PR— or ER+/PR— 
breast cancers would be observed in Northern compared 
with Southern regions. At the same time, it is possible 
that these observations are spurious findings. 

Our analysis, when limited to individuals with skin 
types that do not change or tan (no burn; i.e., darker 
pigmentation) upon exposure to sunlight, suggests that 
residing at Northern/low solar irradiance compared 



























































Region of residence at baseline (HR for Northern versus Southern ae n (cases) 
Caucasian (HR: 0.99) 60,776 (2,258) 
African American a (HR: 0.66*) 5,069 (138) 
Hispanic | i | (HR: 1.41) 2,423 (50) 
Asian/Pacific Islander l d | (HR: 1.27) 2,156 (56) 
Other Race/Ethnicity t z | (HR: 0.80) 1,238 (33) 

p for interaction=0.08 

Langleys (HR for low versus high solar irradiance) 

Caucasian EH (HR: 0.94) 60,776 (2,258) 
African American H = | (HR: 0.63)** 5,069 (138) 
Hispanic x | (HR: 2.81) 2,423 (50) 
Asian/Pacific Islander = | (HR: 0.36) 2,156 (56) 
Other Race/Ethnicity H = | (HR: 0.71) 1,238 (33) 

p for interaction=0.09 

Watts (HR for low versus high solar irradiance) 

Caucasian H (HR: 0.85*) 60,776 (2,258) 
African American | " | (HR: 0.55)** 5,069 (138) 
Hispanic H z | (HR: 1.22) 2,423 (50) 
Asian/Pacific Islander | * | (HR: 1.01) 2,156 (56) 
Other Race/Ethnicity | = | (HR: 0.74) 1,238 (33) 

p for interaction=0.13 

Average time/day spent outside year round (HR for < 30 minutes versus > 2 hours) 

Caucasian HE (HR: 1.13)** 40,302 (1,580) 
African American zi | (HR: 2.12) 2,755 (71) 
Hispanic l = 1 (HR: 1.48) 1,433 (30) 
Asian/Pacific Islander | z | (HR: 2.30) 1,650 (48) 
Other Race/Ethnicity (stable risk estimate could not be determined) 786 (24) 
p for interaction=0.62 
T j F a E A mT i j La ar e TL 
0.0 0.1 1.0 10.0 100 





4 > 
HR (95% CI) for invasive breast cancer risk decreased risk increased risk 


Figure 2. Adjusted (adjusted for age, race/ethnicity, education, weight, family history of breast cancer, age at menarche, age at 
menopause, parity, age at first birth, hormone therapy duration of use, alcohol intake, and recreational physical activity) HR and 95% 
Cls for incident breast cancer by region of residence at baseline, solar irradiance, and time reported spent outside year round at year 4 


follow-up stratified by race/ethnicity: the WHIOS. *, 95% CI does not include 1.0. 


** Pirena < 0.05; A test for trend was conducted 


using continuous variables for region of residence at baseline, Langleys, and Watts; A test for trend was conducted for average time 
per day spent outside year round using ordinal variables assigned to <30, 30 min to 2 h, and >2 h. 
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< 30 minutes 


30 minutes to 2 hours 


> 2 hours 


< 30 minutes 


30 minutes to 2 hours 


> 2 hours 


< 30 minutes 


30 minutes to 2 hours 


Langleys (HR for low versus high solar irradiance) 


Watts (AR for low versus high solar irradiance) 


Region of residence at baseline (HR for Northern versus Southern regions) 


E (HR: 1.06) 
H (HR: 0.91) 


E (HR: 1.04) 


a (HR: 1.13) 


H (HR: 0.87) 





1 (HR: 0.73) 


H (HR: 1.09) 


k | (HR: 0.76%) 





n(cases) 
16,935 (710) 
23,962 (840) 
6,029 (203) 


p for interaction=0.18 


16,935 (710) 
23,962 (840) 
6,029 (203) 


p for interaction=0.05 


16,935 (710) 


23,962 (840) 


> 2 hours 








1 (HR: 0.89) 6,029 (203) 


p for interaction=0.21 








0.1 


HR (95% CI) for invasive breast cancer risk decreased risk 


10.0 
increased risk 


Figure 3. Adjusted (adjusted for age, race/ethnicity, education, weight, family history of breast cancer, age at menarche, age at 
menopause, parity, age at first birth, hormone therapy duration of use, alcohol intake, and recreational physical activity) HRs and 95% 
Cls for incident breast cancer by region of residence at baseline and solar irradiance stratified by average time per day spent outside 
year round: the WHIOS. *, 95% CI does not include 1.0. **, Pirena <0.05; A test for trend was conducted using continuous variables 
for region of residence at baseline, Langleys, and Watts; A test for trend was conducted for average time per day spent outside year 


round using ordinal variables assigned to <30, 30 min to 2 h. 


with Southern/high solar irradiance areas may decrease 
risk for breast cancer among those subgroups. Similar 
results were observed for African Americans. It is 
unclear whether these results are explained more by 
skin type or race/ethnicity. These results were unexpect- 
ed. If vitamin D does prevent breast cancer incidence, 
one would expect that risk would be greater among 
individuals with darker pigmented skin living at 
Northern compared with Southern latitudes. Individuals 
with darker pigmented skin require even longer periods 
of sun exposure to make the same amount of vitamin D 
in their skin as lighter pigmented individuals (9). 
However, we did not observe a decreased risk of 
breast cancer among darker pigmented and African 
American individuals who reported spending on aver- 
age less compared with more time outside during 
daylight hours. The HRs were >1.0, with the exception 
of individuals with the fairest skin (those who did not 
tan). This is different from results by John et al. (37) who 
observed the most protection from sun exposure among 
light pigmented compared with dark pigmented indi- 
viduals. These observations make it less plausible that a 
decreased risk of breast cancer among darker pigmented 
individuals or African Americans residing in the North 


compared with the South is explained by exposure to 
sunlight and perhaps vitamin D. 

The lack of association observed in the overall 
WHIOS between breast cancer incidence and region or 
residence and regional solar irradiance suggests that 
theses measures may not be valid surrogate markers for 
an individual’s vitamin D status, at least in the United 
States or within the WHIOS. Women in the WHIOS are 
more highly educated than the general population and 
may practice more sun avoidance behavior than the 
general public. Region of residence alone may not 
sufficiently predict an individual’s sun seeking or 
avoiding behavior. 

Additional analyses in our study suggested that 
measurements of individual’s time spent outside, as an 
estimate of sun exposure, are related significantly to 
breast cancer risk. These observations support the 
hypothesis that vitamin D exposure, via sufficient sun 
exposure, may be associated with protection against 
development of breast cancer. Prior research in a 
prospective cohort study (15) and case-control studies 
(3, 37, 38) have also shown decreased risk of breast 
cancer with measures of self-reported recreation and 
occupational sun exposure (3, 39), early life outdoor 
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activity (38), and objective measures of lifetime skin 
damage using a reflectometer (39). 

Using these data, we investigated whether women 
who lived in the North/low solar irradiance compared 
with the Southern/high solar irradiance areas have 
differing risks of breast cancer depending on the amount 
of time they reported spending outside. We found that 
the HRs for breast cancer, among women living in low 
compared with high solar irradiance areas, were <1.0 for 
women who reported spending at least 30 minutes 
outside and >1.0 if they spent <30 minutes outside. This 
suggests that sunlight exposure may be protective 
against breast cancer among women living in extreme 
low compared with high solar irradiance areas. This may 
indicate that a minimal threshold of vitamin D exposure 
is required to prevent breast cancer. Although, this 
minimal amount is likely to vary among people by such 
factors influencing the ability of their skin to synthesize 
this vitamin such as age and skin pigmentation. 

We also investigated if the observed protective effect 
of reported time spent outside, and breast cancer risk 
was modified by region of residence or solar irradiance. 
A previous study (15) found a protective effect of sun 
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exposure on breast cancer risk among women residing in 
high solar irradiance areas but not medium or low solar 
irradiance areas. Differently, we observed that risk of 
breast cancer was increased among women who reported 
spending less compared with more time outside, 
regardless of region of residence or solar irradiance. 
These data were not always statistically significant. 

Our study had a number of limitations. We were 
unable to investigate associations in premenopausal 
women, as WHIOS is a study of postmenopausal women. 
We did not have individual addresses of residence for 
participants and had to assume that they lived within the 
same latitude and solar irradiance area as their clinic 
center for the majority of WHIOS follow-up. Region of 
residence at earlier life periods were based on state of 
residence. We did not know where within the state a 
person had lived. We may have misclassified region of 
residence and this could have biased our results toward 
the null. 

Additionally, we only had questions pertaining to 
average reported time spent outside, not specific ques- 
tions about sunlight exposure, and these data were not 
available on all 71,662 women. We also had to make the 
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Figure 4. Adjusted (adjusted for age, race/ethnicity, education, weight, family history of breast cancer, age at menarche, age at 
menopause, parity, age at first birth, hormone therapy duration of use, alcohol intake, and recreational physical activity) HRs and 95% 
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assumption that reported average time spent outside per 
day at year 4 follow-up was equal to baseline exposure. 
Investigation as to a more precise estimate of the amount 
of time needed to spend outside by location of residence 
and skin pigmentation was limited by the crude 
categories available on time spent outside. Future studies 
of breast cancer and sun exposure will need to address 
this in greater detail. 

Additionally, WHIOS was composed of volunteers 
with somewhat greater than average educational attain- 
ment whose health-related behaviors may not generalize 
to the U.S. population. At the same time, this may have 
provided control for potential confounding due to 
education and SES. In this study, a number of statistical 
comparisons were made. Statistically significant results 
may be due to chance alone. However, a number of 
exposures were highly correlated (e.g., region of resi- 
dence and solar irradiance), which lessens the problem 
of multiplicity. We also had no measures of serum 
D levels to determine how well the measures of 
geographic residence correlated to actual levels in these 
women. 

The strength of our study was its large size and 
prospective design, which allowed us to investigate 
incident breast cancer data. We also were able to adjust 
for a great number of individually assessed breast cancer 
risk factors. Our regions of residence at baseline included 
40 centers across the United States, incorporating 22 
states, and we were also able to investigate associations 
by tumor characteristics, and other factors such as race/ 
ethnicity. 

In summary, we did not observe consistent evidence 
that region of residence or regional solar irradiance is 
related to risk of incident invasive breast cancer. 
However, further analyses did suggest a protective effect 
from greater reported time spent outside. It is possible 
that region of residence or regionally defined solar 
irradiance are not good proxy measures of vitamin D 
status, and that measures of individual level behaviors 
related to sun exposure may provide better proxy 
measures for vitamin D status than regional estimates 
of sun exposure. At the same time, our results may 
suggest that vitamin D is not related to risk of breast 
cancer. More research needs to be conducted to better 
understand how well region of residence and regional 
solar irradiance correlate to individually assessed vita- 
min D status and sunlight exposure. Prospective studies 
should continue to examine associations between breast 
cancer risk and individually assessed 25(OH)D and 
sunlight exposure status. At the same time, more 
prospective studies should examine the behaviors asso- 
ciated with individual level exposure to sun to better 
describe the associations between breast cancer risk and 
vitamin D status and sunlight exposure. As well, these 
behaviors need to be examined in the context of the lives 
of diverse racial and ethnic groups. 
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